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Warped models with the Higgs confined to the weak brane and the gauge and matter fields 
accessing the AdSs bulk provide viable setting to address the gauge hierarchy problem. Brane 
kinetic terms for the bulk fields are known to ease some of the tensions of these models with 
precision electroweak observables and flavor constraints. We study the loop-driven Higgs coupling 
to the gluons that are relevant to the Higgs program at LHC, in this scenario. We demonstrate 
a partial cancellation in the contribution of the fermionic Kaluza-Klein (KK) towers within such 
framework relatively independent of the 5D parameters. The entire dependence of this coupling on 
the new physics arises from the mixing between the Standard Model states and the KK excitations. 
We find that the present precision in measurement of these couplings can lead to a constraint on 
the KK scale up to 1.2 TeV at 95% confidence level. 


Introduction: Embedding the Standard Model (SM) 
in a slice of AdS$ was originally introduced to utilize 
the non-factorizable 5D geometry in explaining the hier¬ 
archy between the bulk gravity scale and the SM scale 
confined in the weak brane [1]. However generalization 
of this scenario to allow the SM fermionic and gauge sec¬ 
tors to access the bulk have been extensively studied in 
the literature 0E]. These models usually have the Higgs 
either bound to the TeV brane or identified with the fifth 
component of a bulk gauge boson to preserve the reso¬ 
lution of the gauge hierarchy problem. However, exotic 
states arising from integrating out the fifth spatial di¬ 
mension usually contaminate the electroweak precision 
observable and the flavor structure of the SM. A non¬ 
trivial extension either of the bulk gauge group [Jj or the 
5D space-time geometry 01 is required to mellow these 
crippling constraints. A complementary approach to ad¬ 
dress some of these issues is to consider brane localized 
kinetic terms (BLKT)0 [8j. 

The discovery of the Higgs mm in the first phase 
of the LHC heralds the precision Higgs era. With the 
increasing statistics at the LHC and proposals for the 
construction of dedicated Higgs factories, the measured 
properties of the Higgs and its coupling to SM states will 
be at the center of the high energy physics program in 
the near future. Of crucial importance is the coupling 
of the Higgs to the gluons as Higgs production through 
gluon fusion dominates at the LHC. Within the Stan¬ 
dard Model they are loop driven with third generation 
colored fermions dominating owing to their large Yukawa 
couplings. The Higgs-gluon vertex is in general vulner¬ 
able to the existence of new exotic colored states that 
have substantial coupling to the Higgs. The new states 
can show up as virtual particles in the loop and lead to 
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considerable deviations from the SM expectation. The 
impact of an extra dimension on the couplings have been 
investigated in the literature ihhhi- Within the frame¬ 
work of the flat extra dimension it has been observed that 
inclusion of the BLKT results in a significant relaxation 
of the experimental constraints [T8l . 

In this article we investigate the impact of the BLKT 
for the bulk fermions on the Higgs coupling to gluons 
within the warped extra dimensional framework. We find 
that the contribution of the Kaluza-Klein (KK) fermions 
to this coupling cancel. The dependence of the coupling 
on the new physics scale entirely originates from the mix¬ 
ing between the SM states and the KK excitations. This 
contribution can be easily estimated analytically and im¬ 
ply moderate constraints on the scale of new physics. 
This is in contrast with the scenario in the warped mod¬ 
els without the BLKTs where extensions of the SM gauge 
group in the 5D bulk lead to large contribution to the 
gluon-Higgs couplings leading to severe constraints. 

In the rest of the article we will briefly review the 
warped extra dimensional framework with BLKT. Then 
we will demonstrate the cancellation of the direct con¬ 
tribution of the KK states to the Higgs-gluon coupling 
both analytically utilizing suitable approximations and 
also numerically using the exact relations. Finally we 
present the constraint on this framework by comparing 
the estimated coupling with experimental results from 
the LHC, before concluding. 

The model: We consider a slice of AdS$ 
where the 5D metric is given by, ds 2 = 
gMNdx M dx N = e~ 2a( - v ' , ri^ u dx^dx 1 ' + dy 2 , where 
Vp* = diag(—1, +1, +1, +1), a(y) = k\y\ and y € [0,L]. 
The two 3-brane located at y = 0 (L) are the Planck 
(weak) branes respectively. The Higgs field is localized 
on the weak brane. The SM gauge bosons and fermions, 
along with gravity can access the bulk. We assume that 
the bulk fermions have BLKTs. The action for the bulk 
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fermion is given by [5j, 


S f = - i d 4 x dyyf^g 


+ M{y )tftf 


2a f S(y - L)^ L "i a e^d^ L 


( 1 ) 


where i represents the flavor index and x l are the 

Q^/u^ 

solutions of the transcendental equations that determine 
the mass of the n-th KK mode particle of flavor i via 
the relation, M^ (n) = x l ^ n) k where k = e~ kL k. The 
transcendental equations are given by [5] , 


The determinant of the metric is denoted by g, T' 4 are 
the 5D gamma matrices, A and a represent the 5D and 
4D Lorentz indices respectively, e is the vierbien and D jy 
is the covariant derivative which contains the spin con¬ 
nection. The last term is the BLKT with coefficient af 
which has the dimension [M -1 ]. Due to the require¬ 
ment of the chirality of the fermion, the mass parameter 
M(y) has to be an odd function of y and is given by [2] , 
M(y) = c /y with Cf being the parameter that de¬ 
termine the localization of the fermions in the bulk. For 
simplicity we introduce two flavor independent BLKT co¬ 
efficients into the theory: (i) ctQ represents the common 
BLKT parameter for the SU(2 )l doublets, (ii) a t rep¬ 
resents the common BLKT parameters for the SU(2 )r 
singlet states. The Yukawa term is given by, 

Sy uk = J d 4 x J dyy^g2S{y - L)y\Q l Hu\ (2) 

where Q*(rd) are the 5D Dirac fields correspond¬ 
ing the left (right) chiral SM states of flavor i, we 
will suppress this index now to keep the discussion 
tractable. After KK decomposition, in the effec¬ 
tive 4D theory these yield the usual massless chiral 
zero mode q^ ( u ^) and their vector like KK exci¬ 
tations, } [+,+], Qr )[ — ! — ]{Ur )[+, +], u ^[—]) 
respectively. 5D p erturbativity implies y$ < 
y/8TT^aQa t /\/log(A/k), where A = e kL A is 0{M Pl ) 
with A being the cut-off. From the dimensional anal¬ 
ysis it can be shown that A/k ~ 25 [T5] , In our study we 
will assume a flavor diagonal Yukawa structure. After in¬ 
tegrating out the fifth spatial dimension one can obtain 
effective the 4D Yukawa coupling. Within the BLKT 
framework they can be obtained in closed form and were 
derived in [§]. Here we reproduce them for completeness, 


Jcy-i/ 2 {x l ) « a f kx l J c i f+1/2 {x l ) for c) > -, (4a) 

J i/2-c*> 1 ) ~ -a f kx l J_ c y_ 1/2 {x l ) for c) < (4b) 


Gluon Fusion Cross Section: In the SM, the par- 
ton level cross section for the Higgs production via gluon 
fusion is given by 20], 


SM _ a s m2 H 

H 576tt 


^— J m‘ 


6(s 


™ 2 h ), 


( 5 ) 


where the sum is over all SM fermions, y l and m l are 
the Yukawa coupling and mass of the SM fermion and 
r SM = (f^r) and the function A x / 2 is defined as, 


A i/ 2 (t) = -t 2 [t+ (t- l)/(r)], 


where f(r) = 


\ ( sin 

- 1 VF) 2 for r < 1, 

H 



for r > 1. 
( 6 ) 


In the warped extra dimensional scenario there are 
three main sources of deviation in the Higgs coupling 
to gluons: (i) the KK fermions obtained by integrating 
out the fifth dimension will contribute in the loop, (ii) 
modified contribution from the zero inodes due to the 
fact i/r s ^ m l /vsM due to mixing in the Yukawa sector 
and (iii) the modification in the Higgs vev due to mixing 
in the gauge sector v ^ usm- Note that the KK masses 
mS n ) run, implying A 1 / 2 —> 1. Incorporating these 

factors requires the following modification of Eq. [5j 


'll L 

yjo)<o)=aQ L a UR AL , where 

U R L/ 


a f = 


(1 — 2c/)fcLexp[(l — 2 Cf)kL\ 


exp[(l — 2cf)kL]{l + (1 — 2cf)afk} — 1 


V Q™uM ~ a - 




y 5 


2kL 


\ 1 + (1 - 2cq^ )a Q k + a 2 Q k 2 x^ ’ 


2kL 


\ 1 + (1 - 2c l Qi )a Q k + a 2 Q k 2 x i2 ^ 


2kL 


^ 1 + (1 - 2 c l UR )auk + afjk 2 x l2 (m) 


( 3 ) 



m 1 


^d-l/2 (t"Sm) ~ 


Vrs 


m 


RS 


^1/2(t"Sm) + 

KK 


Y i 

~M i 


= Tv(w" 1 ) + ^(A 1/2 (rJ M )-l), 

v / m RS 

( 7 ) 


where Y and Al are the Yukawa and fermion mass ma¬ 
trices and Y and M are their eigenvalues. Note that the 

piece (Tr(Y l /M l ) — Z/r s/ m ks) encodes the effect from 
the loop exchange of the heavy eigenstates barring the 
zero mode. The mass and the Yukawa matrices for the 
quark sector are given by, 
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M l = 
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and Y z = where and (Q^ and t/j/A 
represent the SM (KK excitations) left chiral SU(2)i 
doublet and right handed singlet states respectively. We 
neglect flavor mixing in our study. The modified values 
of the SM parameters due to mixing in the Yukawa sector 
is given by, 


vev arising from the mixing with KK states in the gauge 
sector. It can be approximately given by [13] . 
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(9) 


and = d ")| ts . The quantity 0 is the modified Higgs 


where g^Vk ~ 6 [21 ] is set from the measured masses 
of the SM gauge bosons. Considering only up to first 
KK mode which is expected to constitute the leading 
contribution of the extra dimension, due to the efficient 
decoupling of the higher KK modes within the BLKT 
framework [8], the term Tr |can be given as 
(keeping up to 0{v^ M /k 2 )) [13], 


Tr 


(y\ TP)" 1 ) 


1 + 
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1h U R 
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4 y\ 

2 k 2 

X Q? X u? 

1 + (! - 2c i QL )a Q k + 

1 + (1 - 2 c\j R )auk + a$jk 2 xf m 

U R 


( 11 ) 


( 12 ) 


r 


This expression of X 1 can be derived using Eqs. [ 3 } Now, 
following Eq. [9] one can write, within the same approxi¬ 
mation, an expression for 2 /rs/tors in terms of X 1 , given 
by, 


(13) 


^RS 

^ 1 

■ t) 2 

1 + X 1 — 

1 

1 + 
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Asm 

m ks 
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[ k 2 
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From Eq. 11 we see that Tr (Y l /M l ) = 1/0, which im¬ 


plies that the contribution from the Yukawa sector of the 
KK fermion vanishes at the order M /k 2 and this is in¬ 
dependent of the flavor index and choice of the BLKT 
parameters. However, the Hgg coupling still depends on 
the detail of the KK spectrum which enters the amplitude 


expression through Eq. 13 thus rendering the cancella¬ 
tion to be partial. This conclusion remains unchanged 
once we include the full KK tower and constitutes the 
main observation made in this article. 

We point out that the cancellation, alluded to in 
Eq.[TI] is more general than the BLKT framework that 
is being discussed here. It is a characteristic of mod¬ 
els with vector-like top partners, where there is a can¬ 
cellation between the effect from the mixing with top 
quark and the direct contribution in loops, for a de¬ 
tailed discussion see [22] ■ However, the cancellation in 
Eq. 11 within the present scenario of a brane Higgs 


with the Yukawa Lagrangian given in Eq. [2] is a result 
of the generic structure of the Yukawa couplings given 
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by VQMuim) = N f QM (c Q ,a,L)f l n m) {c u ,a,L), where 
/(Q/[ 7 )(n) (c, a, z/) is the bulk profile of the (Q/U)^— th 
state. In models without BLKT, usually the bulk gauge 
groups is augmented to control the electroweak observ¬ 
ables. This necessitates the introduction of additional 
custodial partners and their KK towers. The contribu¬ 
tions from these new states do not cancel, making the 
result dependent on the details of the theory. 

In addition to the cancellation of the KK mode con¬ 
tributions, the effect of mixing in the top Yukawa sec¬ 
tor effectively cancels due to the fact that A±/ 2 ~ 1 
in Eq. [7J remains a good approximation for the top 
quark. We are left with the modification of the Higgs 
vev, Eq. [lO] due to mixing in the gauge sector. The 
other remaining deviation from SM arises due to mixing 
in the Yukawa sector for the light quarks, as obtained 
by substituting Eq. [13] in Eq. [7] We find the ratio of 
the cross section in the RS scenario to the SM value 
C gg = cr RS-BLKT (gg —> H)/a SM (gg —> H) is approxi¬ 
mately given by (considering the contribution form the 
1st KK level only), 


C a 




E 



light—fermion 



(14) 


where by the sum over light fermions we mean the sum 
over all quarks except top and we have assumed ~ 0 
for the light quarks. The new physics scale is defined as 
k = A:exp[— nkR], It is straightforward to generalize this 
expression in Eq. |T4] to include the contribution of the 
higher KK modes. This requires the following modifica¬ 
tion of the above equation, 


^ y l qm U (n)ylr(n)Q(m)yQl.m)u( l 


m,n 


(iii /yi & /yi i 

y q (0)v,(°) X QW l U( n 


The leading effect of the BLKT on the Higgs-gluon cou¬ 
pling is parametrized by the factor X 1 in the above ex¬ 
pressions. However, due to the structure of the theory, 
the contribution from the light fermions is small com¬ 
pared to the contribution from mixing in the gauge sec¬ 
tor. Thus a very good approximation is 

(15) 

gg 2 k 2 

which is fairly independent of the details of the 5D theory. 

Results: We perform a detailed numerical calculation 
of the new physics (NP) contribution of the Higgs-gluon 
coupling by numerically diagonalizing the full mass ma¬ 
trix as given in Eq. [8] Clearly the numerical result in¬ 
cludes all orders of Vg M /k 2 . We assume, for simplicity 
a left right symmetry for the 5D localization of the bulk 
fermions, i.e., Cq = c l v . We fix the values of these by 
comparing with the measured masses of the SM fermion 


at the limit where the BLKT parameters vanish and the 
5D Yukawa couplings is universally set to unity [23], to 
reproduce all the SM quark masses. The numerical val¬ 
ues of these c-parameters are given in Table [I] Once the 


\r\ 

u 

\ d c 

s 

t 

b 

c x 

0.62 

0.5710.521 

0.52 

-0.50 

0.26 


TABLE I: The c-parameters for various quarks [23] . 


BLKT parameters are turned on the eigenvalues of the 
mass matrix shift. The resultant deviation from the SM 
masses are compensated by fixing the 5D Yukawa cou¬ 
pling of every flavor in Eq. [2] for a given value of the 
BLKT parameters and the NP scale. We also check that 
the normalized 5D Yukawas stay within the perturbative 
limits. We numerically calculate the KK contributions 
from every flavor, including the light quarks which have 
large KK Yukawa couplings. In our numerical analy¬ 
sis we keep the first 10 KK modes in the mass matrix. 
We compare our results with the approximate analyti¬ 
cal expression derived in the previous section. The re¬ 
sults of the full numerical simulation and the approxi¬ 
mate theoretical results are plotted in Fig. EE We find 
that the constraint on the new physics scale k is given 
at ~ 1.2 TeV. In Fig. [Tb] we demonstrate the impact 
of the BLKT parameters, parametrized by X = '^2 i X l . 
We find that the residual impact of the BLKT param¬ 
eter on the Higgs-gluon coupling is negligible compared 
to contribution of the mixing in the gauge sector i.e., 
X -C 9/2. This allows us to choose the BLKT pa¬ 
rameters for the bulk fermions from the precision elec¬ 
troweak fit, independent of the prediction for the Higgs- 
gluon coupling. The choice of kaQ,kajj > 3 results 
in an efficient suppression of the KK fermion contri¬ 
bution to the oblique electroweak precision observables 
[5]. For example the contribution to the T parameter 
from the first KK top mode in the loop is given by 
AT- {y Q w v ^ /yt)\rn t /k) 2 0(l) ~ 1.1 xlO- 6 (lxlCT 8 ) 

for BLKT parameters 3 (10) and k = 1 TeV. Similarly 
the contribution due to the mixing between the first KK 
mode and the zero mode in the top sector is schemat¬ 
ically given by AT ~ {y w m/y t ) 2 (m t /k) 2 O(10) ~ 

0.01 (0.003) respectively. This easily evades the present 
bound AT < 0.13 [24]. However, note that there could 
still be potentially a large contribution from the gauge 
sector depending on the details, including the choice of 
the corresponding BLKT parameters. 

Conclusion: The Higgs coupling to gluons is crucial 
for the Higgs physics program at the LHC. The impact of 
new exotic colored states in various new physics scenarios 
can lead to a significant modification of the Higgs cou¬ 
plings. The ever decreasing experimental uncertainty on 
these couplings will lead to either a non-trivial indication 
for new states or constrain them. In this context we re¬ 
visit the Higgs coupling in the warped extra dimensional 
scenario. We assume that the Higgs is localized on the 










5 



k (TeV) 


(a) 



k % 
(b) 


FIG. 1: In the left panel (a) we plot the gg —> h cross section in the warped model with BLKT for bulk fermions normalized 
by the SM value against the new physics scale k. The shaded band corresponds to the 2a bound on C gg obtained from j25) . 
also see j26j. The solid red line and the black dots are obtained from the full numerical simulation keeping ten and one KK 
modes respectively. The blue (dashed) line corresponds to the approximation given in Eq. |15| The right panel (b) shows the 
parameter X = JV X 1 plotted as a function of the BLKT parameters for two different values of k. This corresponds to the 
leading contribution of the BLKT parameters to the Higgs-gluon coupling and should be numerically compared with the 

contribution from mixing in the gauge sector ~ 9/2. 


weak brane and the other SM states can access the bulk. 
The SM fermions have profiles that are localized in the 
bulk providing a handle on the fermion mass hierarchy is¬ 
sue. The bulk fermions have brane localized kinetic terms 
that can restrain the constraints from the electroweak 
precision observables. We show that the contribution 
from the KK states on the loop-driven Higgs coupling 
to the gluon vanishes. The residual dependence on the 
extra dimensional parameters arise from the mixing of 
the SM fermionic and gauge states with their KK exci¬ 
tations. The mixing in the gauge sector dominates and 
lead to a modification that is proportional to 0(l)v 2 3 4 /k 2 , 
where k is the scale of new physics. We find that the or¬ 
der one coefficient is rather independent of the details of 
the 5D theory. We have performed an extensive numer¬ 
ical calculation of this Higgs coupling. We find that the 
present experimental bounds at 2er confidence disfavor a 
new physics scale below ~ 1.2 TeV which is relatively in¬ 
dependent of choice of the extra dimensional parameters 
like the bulk mass terms and the BLKT coefficient for 
the fermions. However, in this article we have not con¬ 
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